The important effect of cave span, roof thickness and strength on the stability of cavern has been widely recognized, while the influence of geostress on the stability of karst cave is not yet clear. In order to explore the influence of geostress, this paper offers a numerical analysis program established on the basis of the geostress model and Coulomb-Navier yield criterion. The stability of karst cave under different geostress conditions is calculated respectively. And then, several beneficial results are produced from the analysis in order to facilitate decision making on the prevention and treatment of karst collapse. Finally, an engineering example is introduced to verify the validity of prediction.
INTRODUCTION
The important effect of cave span, roof thickness and strength on the stability of cavern has been widely recognized, while the influence of crustal stress on the stability of cavern is not yet clear. It has been summarized by Parise et al. (2011) that the stability of karst cave is generally determined by the mechanical properties of the surrounding rocks, the geometric conditions of the cave, as well as the construction conditions. An empirical stability chart relating the cavity span to Rock Mass Rating (RMR) has been presented by Lang (1994) . This stability chart was subdivided into three possible outcomes: stable, potentially unstable and unstable. The chart was further refined by Ouchi et al. (2004) to be applied for the caves surrounding by lower quality rocks. Li et al. (2002) obtained a relationship between the critical value of roof thickness and design load of single pile by the program of multiple linear regression, and then verified the result with an engineering example. When the cave span increased from 0.5m to 0.8m, the bearing capacity decreased from 4370kPa to 1990kPa. At the same time, there have been a lot of experimental data reported by Xie et al. (2007) showing that the geostress in the rock generally exceeds the gravity stress several times or even ten times. Hutchinson et al. (2002) also emphasize that it is necessary to investigate the influence of geostress when considering the stability of underground cave.
This paper offers an analysis program established on the basis of the geostress model and Coulomb-Navier criterion to assess the stability of a karst cave. This program is applied into the road subsidence research at Changli highway, Jiangxi, China. The stability of the karst cave under different geostress conditions is assessed respectively. Then, several beneficial consequences are obtained from the assessment, with the effect of facilitates the decision making on detailed treatment. Finally, an engineering example is introduced to verify the validity of prediction.
Karst cave model
According to geophysical survey and drilling data, a 16 m deep karst cave locates beneath the embankment, with measured dimensions, i.e. the length (L = 5 m) of the cave, the thickness (h 2 = 1.5 m) of the cave roof, the thickness (h 1 = 16 m) of the overlaying soil, and the height (h = 9.7 m) of the embankment, as is shown in Fig. 1 3 . At the same time, it is worth noting that the rock/soil is assumed to be dry and ground water is not considered in this study. A total of 22,400 eight-noded brick elements and 1,280 twelve-noded radcylinder elements using Coulomb-Navier model were applied to represent the rock. At the same time, 3,200 six-noded cylinder elements were applied to represent the karst cave. A total of 16,000 eight-noded brick elements using Mohr-Coulomb model were applied to represent the overlaying soil, and 1,600 interface elements were embedded to model the interaction between the rock and the overlaying soil. 
Geostress model
Geostress is composed of tectonic stress and gravitational stress. According to Chen et al. (1998) , the tectonic stresses in Jiangxi could be expressed by using the following equations:
0.0214 2.387 0.0084 0.749
where σ H T is the maximum horizontal component of tectonic stress, σ h T is the minimum horizontal component of tectonic stress, which could be calculated according to its depth (H).
The geostress distribution can be divided into the stress concentration zone and normal distribution zone and the stress relaxation zone under the influence of terrain and geological conditions, according to Amadei et al. (1995) . The tectonic stress ratio, the ratio between the geostress in the research zone and that in the normal distribution zone, could be utilized to describe the influence of terrain and geological conditions, with a range from 0 to 1.5. As is shown in Table 1 , the ratio in the stress concentration zone could reach 1.5, while the ratio in the stress relaxation stress is only about 0.2. Therefore, geostress model with the consideration of terrain and geological conditions could be expressed by using the following equations: 
Calculation Program
It has been found by Griffith (2014) that highly elevated shear stress presented in the cave roof is a common source of cave instability. Therefore the Coulomb-Navier criterion which has been applied to represent the shear strength failure is used in this paper. The Coulomb-Navier criterion considers that the shear stress is not only related to the shear stress on the surface, but also the normal stress on the plane. The rock failure occurs along the worst rupture under the combined conditions of shear stress and normal stress, rather than along the maximum shear stress surface, as is shown in Fig. 2 . Thus the Coulomb-Navier criterion could be expressed as follows: During the calculation, the nodal stress is expressed with the nodal displacement:
The relationship between nodal displacement and nodal force can be derived according to the principle of virtual work:
[k] c is the element stiffness matrix:
The stiffness of the overall karst cave is obtained by the element stiffness matrix:
In the above formulas: [D] is the elastic matrix; [B] is the geometry matrix; {δ} and {R} respectively means nodal displacement matrix and load array.
Determination of the stability
The stability of karst cave is usually determined by the ultimate vertical displacement. The vertical displacement of the karst cave in this paper under the constructed roadbed load has been plotted in fig. 3 . As is shown in the figure, the maximum vertical displacement emerged in the center of the cave roof. Therefore, the displacement in the center of the cave roof is used to quantitatively assess the karst cave stability. The relationship between the constructed roadbed height (H) and the displacement in the center of the cave roof (S), i.e. HS Curve, is obtained from the calculation, with the aim of determining the ultimate bearing capacity of the karst cave. As is shown in fig. 4 , the ultimate vertical displacement in the center of the cave roof is 0.088 m, while the ultimate roadbed height is 5 m in the example. 
Effect of geostress
In order to study the effect of geostress, the value of the geostress ratio (λ) was assigned to 0, 0.25, 0.5, 0.75, 1, 1.5, 1.25, and 1.5 respectively, and the stability index of karst cave is measured with the ultimate roadbed height (h max ). It could be seen from fig. 5 that ratio λ is an important factor influencing the stability of karst cave, and should be considered for a better prediction. When ratio λ takes less than 0.75, corresponding to positive terrain, such as mountains and hills, the karst cave would show the idealist capable ultimate roadbed height. When ratio λ takes from 0.75 to 1, the karst cave shows an inadequate ability to bear an excessive construction of embankment, therefore the embankment construction should be limited, or lightweight embankment should be adopted. When ratio λ takes 1.25 or 1.5, corresponding to negative terrain/severe geological activities conditions, the karst cave would show a poor ability to bear the construction of embankment, therefore embankment construction should be avoided, or grouting should be adopted. Similarly, data summarized by several authors [Broch et al. (1976) ; Haimson (1984) ; Myrvang (1993) ] also show that rock stress problems tend to occur close to steep valley sides, where underground excavation had been executed.
In-situ verifications
As is shown in fig. 6 , a roadbed subsidence has occurred when the embankment has been constructed to 9.7 m, with the maximum subsidence about 28 centimeters emerged at the right edge, accompanied with fan-shaped cracks. According to geophysical survey and drilling data, a 16m deep karst cave, with an only 1.5 m thick cave roof, locates beneath the roadbed. The karst cave in this research locates on a hilly slope with few geological activities, and the value of ratio λ was measured to be among 0.33 to 0.47. According to the analysis without the consideration of geostress, the ultimate roadbed height is estimated to be 4 m. According to the analysis with the modelling of geostress, the ultimate roadbed height is estimated to be from 8 m to 10 m. The actual ultimate height of the constructed embankment is 9.7 m, and is close to that in the analysis with the modelling of geostress.
CONCLUSIONS
In this study a numerical karst cave model was established on the basis of geostress, Coulomb-Navier yield criterion and the associated flow rule. Special attention was paid to the geostress, with the aim of simulating its influence to the behavior of karst cave.
(1) It can be seen from the verification that the prediction in the analysis with the modelling of geostress is close to that in the engineering example, which indicates that the prediction program is reliable.
(2) It can be seen from the calculation that the geostress is an important factor influencing the stability of karst cave, and should be considered for a better prediction.
